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SYNTHESE:

En 1990, EDF a lancé un projet d'optimisation de la maintenance par la fiabilité
pour ses centrales nucléaires.

Ce projet "OMF" vise à mettre au point des méthodes et des outils d'analyse et,
dans un premier temps, à les appliquer à un système initial (l'étude pilote).

Les résultats de l'étude pilote ont confirmé les avantages de la méthode
analytique OMF: les perspectives de cette approche à l'échelle industrielle sont
extrêmement prometteuses.

n faut remarquer que la précision de notre analyse OMF est sans aucun doute
supérieure à celle que l'on rencontre généralement dans d'autres domaines industriels
(analyse MSG/RCM). Notre approche particulière implique l'analyse de systèmes et de
composants et, chose plus importante encore, l'intégration des retours d'information de
l'exploitation en vue de développer un programme de maintenance rigoureux
susceptible d'être mis à jour à tout moment

Outre la définition et la mise en œuvre de la méthode, notre travail de
conception d'aides logicielles a commencé. L'étude pilote a mis en évidence la
nécessité de ces aides pour gérer le volume d'informations nécessaire et assister les
experts dans leur analyse. Le poste de travail OMF d'EDF et son environnement
serviront non seulement à préparer le programme de maintenance "initial", mais
également à sa mise à jour au cours de sa phase "vivante".
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EXECUTIVE SUMMARY:

In 1990, EDF launched a Reliability-Centered Maintenance project for its
nuclear plants. This "OMF" project aims at developing methods and tools for analysis
and in the first phase, applying these to one initial system (the pilot study).

The results of the pilot study have confirmed the advantages of the "OMF"
analytical method: the prospects for the approach on an industrial scale are extremely
promising.

It should be noted that the precision of our "OMF" analysis is not doubt
superior to that common in other industrial domains (MSG/RCM analysis). Our
particular approach implies analysis of systems and components and, most importantly,
integration of operation feedback, with a view to developing a rigorous maintenance
program which can constantly be updated.

In addition to our defining and implementing the method, our review of
designing software aids has begun. The pilot study clearly pointed up the need for such
aids in handling the necessary volume of information and assisting experts in their
analysis. The EDF "OMF" workstation (and its environment) will be used not only in
preparing the "initial" maintenance program but also in updating it during the "living"
program phase.
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INTRODUCTION

The concept of Reliability-Centered Maintenance was first introduced in aeronautics at the end
of the Sixties, with the objective of controlling the costs of aircraft maintenance. It has now
become a standard which is systematically followed and which has been set forth in a document
published under the name of "Maintenance Steering Group" (MSG). This document describes
the methodology for setting up a maintenance program acceptable at one and the same time to
official authorities, aircraft manufacturers and airlines.

In the past few years, the military has adapted the method to its specific needs. More recently,
in the United States, the Electric Power Research Institute (EPRI) launched a research program
to transpose the methodology to nuclear power plant maintenance. Pilot studies have thus been
initiated in several nuclear plants in order to define and standardize procedures, and several
large-scale test programs have been undertaken.
Today, many American utilities are opting for RCM maintenance methods.



In 1990, EDF launched a Reliability-Centered Maintenance project for its nuclear plants (under
the joint direction of the EDF Generation and Transmission Division and Research and
Development Division).
This "OMF" project aims at developing methods and tools for analysis and, in the first phase,
applying these to one initial system (the pilot study).

This paper presents the pilot study together with several proposals for improving analytical
methods, as well as the prospects for developing a future EDF "OMF1 workstation.

THE PILOT STUDY

The RCM Process [1] [2]

The approach taken to define a list of maintenance tasks for system components follows a
logical 4-step sequence (Figure 1) which can be broken down as follows:
- Identification of critical components, wherein a failure can have a direct impact on plant

safety or availability, or can result in costly damage.
- For each of these components, identification of the modes and causes of significant

failures.
- Selection of maintenance tasks which can prevent significant failures or reduce their

frequency.
- Analysis of operation feedback collected for each component [3].

The originality of this approach lies in consideration of the functional consequences of failures,
on recourse to a specific logic in maintenance task selection, and on exhaustive analysis of
operation feedback.

The methods used for the pilot study were primarily qualitative. Failure Mode Effect Analysis
(FMEA), for example, which is used in determining critical components and identifying
significant failures, is a qualitative reliability approach. It relies heavily on the judgement of
experts, most particularly during selection of preventive maintenance tasks.
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Figure 1. The 4 steps in the "OMF" analytical approach.

Results: [4]

The pilot study focused on analysis of the Chemical and Volume Control System of a 900-MW
PWR nuclear plant. It was conducted by a team of specialists in methods of analysis
(Reliability, Statistics, Maintenance) and experts on nuclear plant components and systems.

The results are clearly significant if we compare the maintenance tasks selected using our
"OMF1 methods with those in the current basic maintenance program:



a) The list of components is generally more limited than that set fonh in the maintenance

program. The "critical" components represent approximately 50% of the total number of

components.

TABLE 1
Number of critical components

Valves

Valve controls

Instrumentation

Pumps,
Heat exchangers

Number of
components

134

52

39

37

Number of critical
components

55

29

24

25

Deviation/basic
program

-30%

-30%

+10%

same

b) For components identified as being critical, the "OMF" approach tends to augment

Monitoring and Testing tasks while reducing Inspection tasks (Table 2). It is to be noted that it

is the most complex and costly tasks which are generally spaced out in time or even eliminated.

Furthermore, this approach presents certain clearly evident advantages:

- Good traceability.

- A structured, rational approach.

- Possibility for periodic updating of analyses.

This last point is fundamental to the implementation of a "living" maintenance program.



TABLJE2
Critical components: comparison with the current program

CVCS Pump

Valves

Heat exchangers

Instrumentation

MONITORING,
TESTING

. Increase in number
of local monitoring
tasks

. 'Traditional"
monitoring unchanged
(vibration,
temperature.. .)•

. Manoeuvrability
tests added (unless
already scheduled in
periodic testing).

. Monitoring tasks
explicidy added to
basic program
(AP measurements...)

. Monitoring task
added during plant
operation.

INSPECTION

. Inspection tasks
(every 1-3 years)
unchanged.

. Inspection tasks:
period changed from
6 to 10 years

. Added inspections
for check and air-
operated valves.

. Tasks related to
motorization
unchanged.

. Tasks related to
safety regulations
unchanged.

. Eddy-current testing
added.

. Elimination of
certain offset
adjustments.

SYSTEMATIC

. Tasks eliminated.

. Tasks unchanged

-

-

IMPROVING ANALYTICAL METHODS

The analytical methods followed for the pilot study were essentially qualitative and relied

heavily on expert judgemenL Improvement of these methods will enable:

- greater rigor in analysis,

- greater selectivity and enhanced precision,

- greater rapidity in analysis.

Several other studies were conducted parallel to the pilot study. Three of these are briefly

described below:



Quantitative reliability methods
Quantitative methods are recommended for identification of components which are critical for

safety. These methods would then replace FMEA, which is a qualitative method.

Background.

In the course of Probabilistic Safety Assessments for nuclear plants, quantitative reliability

models have been developed (PSA models). A PSA identifies and describes accident scenarios

which may result from incidents or accidents and lead to damaging of the reactor core. Such an

assessment comprises inter-related studies which fall into two main categories:

- accident sequence studies,

- system reliability studies.

Principle

The principle underlying the proposed method consists in using PSA reliability models to

identify components critical to safety. To this end, the contribution of each failure mode to the

undesirable event must be estimated on the basis of existing models. Each mode whose

contribution surpasses a given threshold is considered to be critical.

Furthermore, using quantitative models, it is possible to calculate the parameter, or factor of

sensitivity: Fs = (AR/R)/(AA/X) in which AR/R represents the relative variation of the result

and AX/X that of the failure rate. This factor can aid in decision-making during maintenance

task selection, by indicating those components on which maintenance should be concentrated

and, on the contrary, those for which maintenance tasks may be reduced.

This method clearly establishes a hierarchy of critical components, revealing the most critical.

It thus eliminates from the list of critical components those whose impact on the probability of

an undesirable event is insignificant, and ensures a high level of coherence between Safety and

Maintenance studies.

Functional analysis
Preventive maintenance tasks are related to the functions performed by a given component For

this reason, it is essential to understand all functions clearly and to determine which

components are involved. This is the goal of functional analysis. It must also accommodate

certain constraints inherent in RCM analysis, which include: legibility, for the purposes of

traceability; applicability to existing, and not future, components; and variable levels of

breakdown according to the complexity of components and maintenance tasks.



The method developed here draws on concepts and formalization introduced with Row, S ADT
and MIL STD 1629 methods. It consists in breaking down a component into functional items.
Each item may then be further broken down if necessary, depending on its complexity. This
breakdown is based on flow (of energy, data...), specifying in each case the function which
transforms or utilizes it.

Several levels of functional breakdown may thus be obtained. The formalization we have
chosen is closely related to that of the S ADT method. On the last level of breakdown, each
item is linked to the pieces which contribute to its function, limiting the list of pieces to those
dealt with in preventive maintenance.

The pieces and the functions attributed to them are then used to draw up an FMECA of the
component, in which feedback data are integrated.

Electrical
energy

Figure 2. Functional breakdown of a valve.

Estimation of the parameters of a law of reliability:

It is always difficult to determine periodicity for a given maintenance task. It is clear that
precise and objective elements related to the lifetime of tne component or of one of its functional
items are important to selection of the maintenance task or its periodicity.

More precise analysis of feedback may be helpful in this context

Specifically, the Weibull law enables description of the evolution in time of the failure rate.



(1)

P < 1: X decreases with time

P = 1: constant failure rate. We then have an exponential law.

P > 1: X increases with time (phenomenon of change or wear)

Various methods for estimation of Weibull parameters were compared, taking into account

several test cases. The conclusions are as follows:

- A statistical method known as that of "maximum likelihood" was identified as being the

most effective in that it is the only method which takes "censored" data into account. Such

data corresponds to those cases where the component is functioning well at the end of the

observation period.

- The method is only appropriate providing a sufficient amount of quality data is available.

- This statistical method must be employed in conjunction with a physical interpretation of the

component by an expert

These three studies have enhanced both precision and quality in our analytical methods by:

- improving selectivity and precision in identification of critical components;

- setting strict guidelines for functional breakdown of components;

- providing a decision-making aid for selection of maintenance tasks and periodicity.

DEVELOPMENT OF AN "OMF" WORKSTATION

Knowledge Modeling

A project to model all knowledge relative to the RCM analytical process was undertaken with a

twofold aim:

- to structure and formalize the reasoning used in RCM system analysis;

- to lay the groundwork for studies on software tools for aid in analysis.

The knowledge-modeling phase consists in analysing and structuring, for a given domain, the

knowledge and methods which are required to solve a specific problem (RCM analysis).For the

purposes of this study, the KADS methodology developed during an ESPRIT project (P1098)

was utilized.



Knowledge modeling is a process which stabilizes the approach to analysis: because of its
"miiror" effect (due to re-formulation of statements), modeling obliges the RCM analyst to
enunciate clearly the approach taken.

According to this methodology, preliminary studies must also be conducted regarding the
future software tools. Knowledge modeling and software studies are in fact two
complementary approaches, the first being a global approach to the question and the second
concentrating on those elements relative to the information-processing system.

The Architecture of the "OMF11 Workstation
During the pilot study, the volume of information to be handled and the need to assist the
experts in their analysis pointed up the need for a suitable workstation. We therefore propose
to develop an "OMF" workstation which can be used to prepare the "initial" maintenance
program as well as to update this program, thus setting up a "living" program. The objectives
set for the workstation are as follows:
- to handle the great amount of RCM analysis data;
- to aid the user (standard list of failure causes, aid in assessments,....);
- to automate certain tasks (building of tables...);
- to enable generic analyses, through re-use of results involving identical components at

different locations in the installation.

Functionally speaking, the "OMF" workstation architecture comprises:
- a database capable of guaranteeing homogeneity and coherence in all information used in the

RCM process;
- a set of modules which can aid the analyst at each step in the process: functional breakdown,

FMEA, maintenance task selection...
In addition to its function as a technical support for analysis, the workstation will have
capacities for administration (database) and, if necessary, project management (current level of
progress in the RCM analyses).

Operation feedback data will be supplied by existing EDF information-processing applications,
and the workstation will be coupled with the LESSEPS application, a medium for the
quantitative reliability models developed during Probabilistic Safety Assessments. The
functions and environment of the "OMF1 workstation are presented in Figure 3.
As regards organization of individual works each user will have access to all information
relative to analysis of a given system, and will be able to deal directly with data for which he is
responsible given his particular expertise (system, pumps, valves...).
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Figure 3. Functional diagram of the "OMF1 workstation

CONCLUSIONS

The results of the pilot study have confirmed the advantages of the "OMF" analytical method:

the prospects for the approach on an industrial scale-are extremely promising.

It should be noted that the precision of our "OMF" analysis is no doubt superior to that

common in other industrial domains (MSG/RCM analysis). Our particular approach implies

analysis of systems and components and, most importantly, integration of operation

feedback, with a view to developing a rigorous maintenance program which can constantly

be updated.



• In addition to our defining and implementing the method, our review of designing software
aids has begun. The pilot study clearly pointed up the need for such aids in handling the
necessary volume of information and assisting experts in their analysis. The EDF "OMF
workstation (and its environment) will be used not only in preparing the "initial" maintenance
program but also in updating it during the "living" program phase.
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